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ME MORANDUM REPORT 
for 

Army Air Forces, Materiel. Command 
TEST OF MCA 66,2-116, a = 0.6 AIRFOIL SECTION FITTED 
WITH PRESSURE BALANCED AND SLOTTED FLAPS FOR 
THE WING OF TPE XP-63 AIRPLANE 
By William J. Underwood and Frank T. Abbott, Jr. 

INTRODUCTION . 

At the request of the Army Air Forces, Materiel. Command, tests 
have been made in the Langley two-dimensional low-turbulence pressure 
tunnel of a model of the NACA 66,2-116 a = 0.6 airfoil section 
representing the root section of the wing for the XP-63 airplane. 

The data presented in this report consist of the. following: 

(a) Lift, drag, and flap hinge-moment characteristics for 
the internal balanced .flap. 

.(b) Lift, drag, and flap hinge-moment = characteristics for 
the "modified" internal balance flap. 

(c) Lift and drag characteristics for the slotted flap. 

The model was of 2U-inch chord (c w ), built of wood with dural 
slot cover plates for the flap. All flaps were equipped with 
pressure orifices. 
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METHOD 1 

Lift and drag measurements were made by methods described in 
reference 1. 

The flap hinge moments were obtained from pressure-distribution 
measurements by .integrating the normal and chordwise pressure- 
distribution diagrams, the pressures being plotted against the 
orifice projections on the flap chord line and a line perpendicular 
to the chord line. 



TESTS AND RESULTS 



Internal balance flap (c f = 0,1667%) Lift, drag, and pressure 

distributions over the flap, fully sealed, were, made .on the model at 
various angles of attack (&) for flap deflections (5^) of 0°,.10°, 
20°, 30°, h0°, and 50°. The £aps between the flaps and slot covers 
in the original condition were measured and found to be 0,0013% - 
top and 0.0052% -bottom. The results of these tests are presented 
in figures 1, 2, 7, and 8, 
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At the time this report was originally published, some of the 
corrections required for reducing the test data. to free-air conditions 
had not been determined. The values of section lift coefficient c^ 
(figs. 3 to 8 and figs, 11 to 16) should be corrected by the follow- 
ing equation 

c z ~ 0,96Sc z 4 K 

(corrected) 

where the values of K are obtained from the : following table: 



Flap deflection 
(deg) 


>.■■■, —m 

K 


0 




0.003 


10 




,.006 


15 




.009 


20 




.012 


30 




.018 


hO 




• 030 


16 




.027 


5o 




,026 






, 
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The tests were repeated for flap deflections of Z$° and h$° with 
the gap on. the upper surface enlarged to 0.0052%, the lower remaining 
the- same. ThQ§e results are presented "in figures 3 and- U, and 
tables I and II. . 

The tests were again repeated, for flap deflections of- 0°, 10°, 
and hS° with the same gaps and the pressure seal (curtain) removed. 
These results are presented in f igures' 5 and 6, and table I. 

"Modified" intern al bal ance flap (eg a 0.1667%).- Lift, drag, 

and pressure distributions over the flap, fully sealed, were made at 
various angles of attack for flap deflections of 0°, 10°, 20°, 30°, 
h0°, and 50°. The results of these tests are presented in figures 
7, 8, 9, and 10. 

Slotted nap ( cf a 0. 2505%).~ Lift and drag data were obtained 
at flap deflections of 0°, l$° , and U5° with the slot cover plates in 
three different slot conditions designated in the sketches on figures 11, 
12, and 13 as conditions 1, 2, and 3, respectively. The flap hinge 
point was located in three different positions for each slot condition, 
except condition 3, and designated as upper, middle, and bottom 
(figs. 11, 12, and 13). The results of these tests are presented 
in figures 11, 12, 13, lUy'lS, and 16, 

. DISCUSSION: . \ 



Internal balanc e fl ap.- The section hinge -moment coefficients in 
f igureT-f or the ""original gaps and in the fully sealed condition in 
table I for the 0.0052% .gaps do not" include the hinge .moments from 

the pressure difference across the sealing curtain. Figure 2 and 
' 'table II respectively give the pressure -coefficient difference across 
the curtain from which it is possible to -calculate the balancing . 
effect of the curtain. 

Comparing the fully ^sealed condition with 0.0052% gap (table I) 
with the original gap configuration (fig. 1), it can be seen that for 
a flap deflection of 15°, the hinge moments for the ,0.0052 % gaps were 
larger -than for the original gaps; however, for a flap deflection of 
U5° there was very little change in the hinge moments. This is 
probably due to the fact that at the small fla.fr deflections the 
sensitivity 'of the flap to small internal pressure changes is better 
than at large flap deflections where the flap is stalled. 

Table I shows the hinge moment for the flap at an angle of 
attack of 3.0° to be larger for the sealed condition than for the 
no-seal condition. This is due to the internal pressure which is in 
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such a direction as to increase the hinge moment rather than decrease 
it, as shown in table II, This pressure reversal is possibly due to 
the combination of a peak pressure on the flap at the hinge and the 
large gaps. A comparison of the hinge moments for the two conditions 
in table' I at a flap deflection of \6° where the flap is stalled, 
shows the internal balance to be counterbalancing about one-third of 
the unbalance moment. Although the gaps are different, a further 
comparison at a flap deflection of 10° between figure 1 and the no- 
seal condition in table I shows the internal balance to be more 
effective when the flap is not stalled. 

It can be seen from 'comparing figures 3 and 5 with the . original 
configuration for the internal balance flap in figure 7. that the 
maximum lift is little affected either by small changes in the gap 
between the slot covers and flap, or by removing the sealing curtain. 
Comparing figure 3 with figure $ it can be seen that the lifts for 
the sealed and no-seal conditions, at a flap deflection of 0° with 
0.0052c w gaps, are about the same; however, for the no-seal condition 
at a flap deflection of h$° the maximum lift is slightly higher than 
for the sealed condition. 

Comparing the fully sealed configuration having 0.0052% gaps 
(fig. h) with the original configuration for the internal balance 
flap (fig. 8) shows that at a flap deflection of 1?° in the low-drag 
range, a small decrease in profile drag resulted from increasing the 
gap on the upper surface to 0.0052%* Comparing the no-seal condition 
(fig. 6) with the original internal balance flap (fig. 8) shows 
that at a flap deflection of 10° a marked increase in the drag 
resulted from flow through the gaps. 

.. "Modified" internal balance flap .- The section hinge-moment 
coefficients for the "modified" flap (fig. 9) do not include the hinge 
moments from the pressure difference across the sealing curtain. 
Figure 10 gives the pressure-coefficient difference across the seal- 
ing curtain from which it is possible to calculate the balancing 
effect of the curtain. Comparing the section hinge-moment coefficients 
for the "modified" flap (fig. 9) with the original configuration 
for the internal balance flap (fig. 1) shows the internal balance 
flap to have slightly lower hinge moments. 

The lift characteristics of the model with either the internal 
balance flap or the "modified" flap are about the same (fig. 7)» 

The profile drag at a flap deflection of 10° with the "modified" 
flap is slightly higher than for the internal balance flap in the 
low-drag range, as shown in figure 8. 
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Slotted flap.~ A comparison of figures 11, 12, and 13 shows 
that the highest maximum lift coefficients are obtained in each con- 
dition with the flap deflected h$° in the bottom hinge location. 
With this hinge location, condition 1 gave a maximum lift coefficient 
of about 2.52 (fig. 11). Removal of part of the bottom slot cover 
plate, condition 3, resulted in only a slight increase in the maximum 
lift coefficient (fig. 13). In condition 2, the bottom slot cover 
plate removed and the slot faired smooth, a value of about 2.76 was 
obtained (fig. 12). Lift characteristics at 5 f c 0° were practically 
the same for all slot conditions* 

Drag coefficients were obtained for all three slot conditions 
at hinge * locations and flap deflections, shown in figures lb, IS, and 
16. The values of the drag coefficients were uncertain in many of 
the conditions tested, possibly due to localised spanwise separation 
or spanwise flow in the slot. An attempt was made in condition 2, 
5 f - 0°, to prevent this spanwise flow by putting several thin dams 
in the bottom of the slot on either side of the region where measure- 
ments were taken, but it is doubtful that this stopped all the cross 
flow. The uncertain parts of the drag curves are drawn with dash 
lines (figs, lb, l£, and 16). These should be considered for 
qualitative purposes only*. Figures lb, 1$, and 16 show that a marked 
increase in minimum drag occurs in condition 2 at p£ = 0 , because 
of -the open slot on the lower surface. Even with the slot partially 
closed in condition 3, there was still a slight increase in drag. 

It is apparent for good flap characteristics that the slotted 
flap be designed to include a door to cover the slot in the retracted 
position for low drag and to deflect about the bottom hinge location 
with the slot open for maximum lift. 

Comparison of flaps »- Although higher maximum lift coefficients 
are obtainable with the slotted flap tested than with the plain flap, 
comparatively little gain is shown by the slotted flap unless a low 
flap hinge point is used. A door is also required for the slotted 
flap if high maximum lift coefficients, flap deflected, and low-drag 
coefficients, flap neutral, are both to be realised. It also appears 
that the plain flap offers some advantages over the slotted flap tested 
in extending the low-drag range to higher lift coefficients', when the 
gap is fully sealed (fig. b). 

Even if the mechanical complications of the slotted flap with 
door and low hinge location are acceptable, some danger exists of 
inducing tip stalling of the wing by the use of a powerful flap. 
This effect" has been shown to occur on tests of a model of a somewhat 
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similar airplane in the MACA 19-foot pressure tunnel. It is therefore 
recommended, that the plain flap, fully sealed, be used for the XP--63 
airplane if the maximum lift coefficients obtained with this flap . 
are acceptable. 



Langley - Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., May 23, 19h2, 
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TABLE I 

Hinge-Moment Coefficients on 0,166? c w Internal Balance Flap .on a NACA 66,2-116 
a = 0,6 Airfoil Section at a Reynolds Number of 6,000,000 

T 



Angle of Attack (a) 


0° 


! 2.0* 


5.0° 


4.1° 


8al° 


12,2° 


16*2° 


-4«i° 
_ — — 


Modal Configuration 


Section hi 


inge-moment coefficient^ ® h 


Folly sealed 6^-0 

0*0052 e w gap- 0 - 15 ° 
. top and « 
bottom (•> a f s ^ 


.0*112 


-0.11? 


-0.025 


-0.122 
-0,347 


-0,145 

-0.356 


-0,155 

-0*5X2 




-0*053 
-0,345 


I© seal dg. ss 0* 
.0,0052 c w gap- 5* s io 6 

top and 5 ~ lj.5 31 
bottom ^ 


0.005 

-0.X0& 

-0,i±88 




-0.015 
"•O.X49 

-o.m ■ 


-0*018 
-0,145 

.0,417 


-0*050 
-0,162 
-o,4?0 


-0,105 

-0,190 


-0«229 


4*0® 020 
*0f 981 
-o,4S4 



* Hinge-moments from curtain not included, 
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TABLE II 



Pressure Difference Across Curtain for a NACA 66,2-llb a = 0.6 Airfoil Section 
With an Internal Balance 0,166? c w flap, 0.00^2 c w gap-top and bottom 

fully sealed; Reynolds number of 6,000,000 

8.1° I 12. 



Angle of Attack (a) 



0 



2.0° ! 3.0° ! k.\° 



,o ! 



16.2° i -4.1 



o 



Model Configuration 



Pressure coefficient difference across curtain, S n - S L 



Fully sealed 
0 « 0 u S 2 Oyp 

top ana 
bottom 



6 f = 0 



-0.009 



6 f = 15 1 0.671 O.fcjli. 
6 f - U5°j 1.196 ; 1.223 



iO.625 j 0.625 I 0.662 | ! 0.752 

I1.251 I 1.251 I 1.196 I 1.776 I 1.006 
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flnqle of aUackyOC, deg Symbol 

-4-J o 

-2.0 + 

O - — — x 

NOTE: Hinge- moments from 2..0 □ 

~ curtain not included- . 4.1 O 

8.1 a 

l&JL v 

16.2 v 



i ' ; 


; ' ■ ■[ ; 1 

| M 




trtam 








i j ' i 1 I 






, Hinge. 




IO 20 30 40 
F/a/o deflec tton , , deg 

Figure / — Hinge- moment i/ersas flap deflection for a 
A/ACA 66,2-116 wiih an inter not/ 

balance OJ667c^ flap, gap -0.00/3 c^t top and 
0.005Z c w bottom , fullg ■sealed. ; Gegno/ds 
number of 6)000,000. 
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0 10 20 30 40 

Flap decf lection >£f , deg 



Figure 2 —Pressure difference across curtain for. a. 

NACP, 66 9 2-ll6 a=0.6 with an internal 
balance 0J667C*, flap , gap — 0.0013 c w top 
and 0.0052 cy^ bottom , fully sealed; Reynolds 
number of 6,000,000. 
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! L_. I___J 1 _J I I I I L 

-16 -8 0 S 16 24 

Angle of attack, oc, deg 



Figure 3 — Lift versus angle of attack for- a NACA 
66,2-116 a=0.6 with an /niernal balance 
0.1667 c„ flap, Oj0OSZc„ gap -top and. 
bottom, fully sealed- Reynolds number 
of 6,000,000. 
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O L ' 1 — -I 1 1 1 1 1 1 1 1 1 r 

-& -.4 O .4 .5 1.2 1.6 

Section l-: c t coefficient, Cj 

Figure 4 — Lift yerjas drag for a NACA 66,2-116 a»0.6 

with an internal balance 0.1667 c^ fla,p i O.OG5Bt H 

i gap- top and bottom , fully sealed ; 
Reynolds number of 6,000,000. 



'000 i 000 i 9 +° Jacfutnu sp/otsBa^ ip^AQu/eu 

'drstj Mt 3L,99l'0 spuajoq \x>uud}w (jo 
9'0= v 9/i-Z c 99 VOVN » £o ^P &neu9A UH — 9 ***r>S{j 



zy o p-- 




SDIMVN0H3V 8QJ 33UIW1AIOO 
AHOSIAGV 1VN0UVN 



T0Z.-1 



'000^000^9 J° 

jdqtunu spfoufiag i p»AOU49J /o9S ' s^nssajd 
"■u/otfoq puo doy-doB "^ZSOO'Q i dx»iJ. M o I99l'0 

&DVN v U0 J< jo a/6uo $n$J9* yij — ^ 3~m6ij 



fZ 91 9 O 9- 91- 

, , — . — . ar«g 




SOU0YNOH3V HOJ 3311IWWOO 
AHOSIAGV 1VN0IIVN 



* 000*000*9 /° "t^ofiuffU sp/cHS/fetf 
v f o dv/j. M o 1991V papa** eunssajcf & t/}fAt 



O'Z 97 , 27 9 % ir 0 8- 




K E OZ 



^ > o/ 

x o o 

/Oqu/Sp S9p i ^J* 9/BuD c/o/_J 



• 000*000*9 J° -f9CfUtnu &pfotsfia& 



Gap i x>*>f^o^o jo a/6u& 
91 9 O 9^ 9/- 



V A OP 

A 0 Op 

V < 09 

^ n o? 

> Ql 

x o 0 

locfutfto Bap « ' ai Butt 

i. + 

I > 

0 « 

H 



6 & 

Q „ 



5 o 

0) 



97- 




AttOSiAQV 1YN0I1W 



•QOO i OOO'9 jo -izquunu. sp/otf#a& » 
ipa/<osts fi//r?/ i do/j aouojocf /ou^a^ut vkP 31 J-ip°(Mn 



■Bap * uo/}09fjap dz>/-j 
09 Otr OS 02 0/ 0 




10^-1 



sp/oLiBsQ to jz? ipg/oas fi/jnj 1 oto/y aousjvq /ou^a^ur 

upeiJ-ipoi/Vn ™oi99fO & W'm 9V**> * 9//-?'99 VDt//V 

v jo/ uo/joayap do/j snsja* s^uaLuauj &Butj-j — q 3~/n6t^ 



Sap i ji B'uo(?.39//0p do 1 1 J 
09 O* Q9 OZ . O/ Q 




<j z'9/ Niyiano inosw sasNawow 35>nih ts~ia 

> 

A j-Q 

v fp- . 

a Q-z 

X Q 

+ ^'2T- 

© 

/oc?u//7C? Sap 'zotyo&tfo jo s/Buy 



sonnvNG«3v m 33 WW WOO 
AUOSiAOV TVNOliVN 



Bell Aircraft Corporation Model 

XP-63 wing, NACA 66,2-116 a = 0.6 section 

2ij.-inch chord nlodel with slotted flap 

Test no. TDT 203 

R = 6 x 10^ (approx. ) 

No. 1 Conditions Original top and bottom slot 
cover plates on 
Flap angle Hinge location 




Figure U.- Lift characteristics with original top and bottom slot cover plates on.. 



Bell Aircraft Corporation Model 
XP-63 wing, NAG A 66, 2-ll6 a = 0.6 
section 

214-inch chord model with slotted flap 

Test no. TDT 20J 

R = 6 x 10^ -(approx. ) 



No. 2 Condition: Bottom slot cover plate off 
(original top plate on) 
Flap angle Hinge location 




I //*?. ... /■ j 

Figure i2 s - Lift characteristips with bottom slot cover plate off (original top plate on.) 



Bell Aircraft Corporation Model 
XP-63 wing, NACA 66,2-116 a - 0.6 
section 

2l|.-inch chord model with slotted flap 

Teat no. TDT 203 

R = 6 x 10° (approx. ) 

No. 3 Condition: Partial bottom slot cover 
plate on (5/8-inch shorter than 
original). Original top cover 
plate on. 



Flap angle 



Hinge location 



0 


6 f 




0° 


Upper 


A 


6 f 




15° 


do 


V 


*f 






do 


O 


6 f 




k5° 


Bottom 
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Figure 13. - Lift characteristics with partial bottom cover plate on (original top plate on). 



Bell Aircraft Corporation Model 

XP-65 wing, NACA 66,2-116 a = 0.6 section 

2ij-inch chord model with slotted flap 

Test no. TDT 20J 

R = 6 x 10 6 (approx. ) 

No. 1 Condition: Original top and bottom slot 
cover plates on 



Flap angle Hinge location 

f 



O 6,, =5 0° Upper 



A 6 f = I5 0 do 
□ 0f s 15 0 Middle 
X 6 f = 15° Bottom 
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-1.6 -1.2 -.8 -.if. 0 .8 1.2 1.6 2.0 2.1 



Section lift coefficient, C; 
Figure Drag characteristics with original top and bottom slot cover plates on. 



Bell Aircraft Corporation. Model 

XP-63 wing, NACA 66,2-116 a = 0.6 section 

2lj.-inch. chord model with slotted flap 

Test no. TDT 20J 

R = 6 x 10^ (appro*. ) 

Ho. 2 Condition: Bottom slot cover plate off (Original 
top plate on. ) 

Flap angle Hinge location 

O o f = 0° Upper 

A 6 f = I5 0 do 

□ 6 f = 15° Middle 
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1.6 



1.2 



Section lift coefficient, c^ 



Figure 15.- 



Brag characteristics with bottom slot cover plate off 
(original top plate on. ) 



Bell Aircraft Corporation Model 
national advisory XP-63 wing, NACA 66,2-ll6 a = 0.6 section 

committ.ee fob aeronautics 2i+-inch chord model with slotted flap 

Test no. TDT 203 
R = 6 x 10^ (approx. ) 

No. 3 Condition: Partial bottom slot cover plate 
on (5/8-inch shorter than original.) 
Original top cover plate on. 
Flap angle Hinge location 

Q 6 f = 0° Upper 
•a 6_ = 15 0 do 




